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CHAPTER I 
INTRODUCTION 
Mitochondria are cell organelles that are found in nearly all cells of 
plants and animals» The exact origin and function of these particles are 
not known completely. The evidence, however, indicates that they originate 
from the nuclei of the cells and are associated with the oxidative processes 
of the cells» Mary investigators have reported that the mitochondria origi¬ 
nate in the nucleus and are later extruded into the cytoplasm. Lewisr and 
Lewis (’ill) found that the mitochondria emerged from masses near the nuclei 
and migrated out toward the periphery of the cells» As these mitochondria 
moved toward the periphery they changed shape and form constantly, Wallin 
(’25) associated the changes in the form of mitochondria with functional 
changes in the cells. 
This stucty- was undertaken in order to compare the prenatal and postnatal 
development of the mitochondria in the kidney cells» 
Changes took place between the prenatal and postnatal stages» In many 
of the prenatal stages the mitochondria were in close contact with the nu¬ 
clei, Rod-shaped mitochondria were constricted in the postnatal stages* 
They formed granular-shaped mitochondria that were distributed throughout 
the cytoplasm. The granular forms were in greater quantity in the post¬ 
natal stages than in the prenatal stages. 
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CHAPTER II 
REVIEW OF LITERATURE 
Lewis and Lewis (*14) investigated the mitochondria in the living cells 
of chick embryos explanted in Locke's solution and cells that were fixed in 
the vapor of two per cent solutions of osmic acid* They found that in living 
cells the mitochondria changed shape* size* and position continuously* They 
emerged from masses near the nucleus and migrated out toward the periphery 
of the cell* The shapes changed either as a result of bending in various 
directions* or by shortening and thickening. These various shapes were not 
constant in any cell* The rod-shaped forms either changed into granules or 
branched to form network-like forms* The granules frequently fused to form 
larger granular forms* Ring-shaped forms were seldom found in the living 
cells* According to them* the variations in the size of the mitochondria 
were caused by the fusion of two granular forms or the fusion of the rod¬ 
shaped mitochondria to form thread-like mitochondira* 
The results from the observations of the fixed preparations* stained with 
Heidenhain's iron hematoxylin* indicated that there was a definite pattern of 
the mitochondria in the cells* Long thread-like or short rod-shaped forms of 
mitochondria were plentiful and scattered throughout the cytoplasm with or 
without a definite central body* Large granular and thick rod-shaped forms of 
mitochondria arranged radially around a central body were few in number* 
The Lewises concluded that there was no definite relationship between size 
and number and number and quantity of mitochondria* They suggested that the 
quantity of mitochondria in a cell may be dependent upon the metabolism of 
the individual eells* 
Cowdry ('14) examined the mitochondria in the spinal ganglion cells of 
several different mammals* He used the Altmann's acid fuchsin method to 
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prepare the tissue for observation* He found that the mitochondria of all 
the animals investigated varied from granular to rod and filamentous forms. 
The granules were arranged in rows; the filamentous forms were occasionally 
varicosic in shape, and the rod-shaped forms were dumb-bell or pear-shaped* 
Cowdry concluded that these variations in the arrangement of the mitochondria 
within the spinal ganglion cells were very slight* 
Nicholson (*16) observed the morphology of mitochondria in the brain of 
white nice that had been fixed by the injection of a mixture of formalin and 
potassium bicarbonate and stained with acid fuchsin and methyl green. The 
results of his observations indicated that there were variations in the forms 
of mitochondria in different types of nerve cells. They were in the form of 
rods, granules and filaments* Nerve cells of the same type, however, gener¬ 
ally contained the same forms of mitochondria* 
Cowdry ('17) Investigated the mitochondrial morphology in the radical and 
spores of the pea; the acinus cells of the pancreas; the developing embryonic 
tissues, and the egg cells of the white mice* He found that in plant spores 
and animal egg cells the mitochondria were usually granular and sometimes 
filamentous* The mitochondria were usually filamentous and rarely, if e\er, 
granular in the developing embryonic tissues* They changed forms as the or¬ 
gans of the embryos assumed their special functions* Some of the mitochondria 
remained filamentous in form; others changed from filamentous forms to rod¬ 
like forms, and still others changed from filamentous forms to granular forms. 
Cowdry concluded that in developing tissues of both plants and animals simi¬ 
lar and parallel changes took place in the morphology of the mitochondria* 
Strongman (*17) investigated the relationship between mitochondria and 
specific nervous activities in fatigued white mice* The mice were fatigued 
t 
by letting them swim in water until they were exhausted* The cortex, 
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cerebellum, and the spinal cord were removed from each mouse and fixed by 
the injections of a mixture of formalin and bichromate* They were stained 
with acid fuchsin and methyl green. The tissues were cut into sections 4 u* 
in thickness* He found that there was a slight increase in the number of 
mitochondria in fatigued animals* He also found that there was no definite 
change in the form of mitochondria in the fatigued animals* There was a 
clumping of the mitochondria in the cytoplasm of the fatigued animals as con¬ 
trasted with the nearly uniform distribution in corresponding nerve cells of 
the controls* Strongman concluded that mitochondria were associated with the 
specific activity of the nervous system* 
Rasmussen (*19) studied the changes in the morphology, mmber and distri¬ 
bution of mitochondria in the central nervous system of woodchucks* Sections 
were taken from the area of the 6th cervical segment of the spinal cord and 
the 7th segment of the thoracic region of the spinal cord* He also took 
sections from the cortex of the cerebellum and from the 6th cervical spinal 
ganglion. The sections were removed from woodchucks which were active and 
fed before hibernation} woodchucks which were dormant and not fed for two 
months, and woodchucks which were awakened from hibernation and not fed for 
4 months* Rasmussen found that profound dominancy had no noticeable effect 
in any way upon the mitochondria of the cells of the central nervous system* 
Wallin (*25) studied the liver tissue of rabbits immediately after partu¬ 
rition and weekly for 6 weeks* The liver tissues were explanted into rabbit 
liver media* He found that the mitochondria in the liver cells of three week 
old rabbits were practically all globular in fozm* The majority of the mito¬ 
chondria in the liver cells of older rabbits were oval in shape. Wallin con¬ 
cluded that this reflected chemical and physical variations due to functional 
changes* 
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Harmon (*50) made studies of the structure of mitochondria in relation 
to enzymatic activity. He used the electron microscope to observe sections 
of the kidney of white mice that had been fixed in osmic acid vapor. He 
found that the mitochondria in intact healthy cells were in the form of 
elongated rods. They were especially long in the convoluted tubules of the 
kidney. 
Harmon ('50) also made a study of the relationship of cyclophorase with 
mitochondria. The cyclophorase suspensions were prepared from rabbit liver, 
kidney, heart, and skeletal muscles. The cytological studies were made by 
phase microscopy on fresh suspensions and by light microscopy on fixed smears. 
These smears were stained by the Papanicolaou's technique, the Feulgen method 
and Cowdry's methods. He observed that the first supernate obtained in the 
preparation of cyclophorase showed a slight oxidative activity toward com¬ 
ponents of the citric acid cycle. This fraction was found to be composed 
mainly of microsomes with few mitochondria. He separated the microsomal ele¬ 
ments from the mitochondria and found that all of the cyclophorase activity 
was removed with the mitochondrial fraction. Harmon concluded that this in¬ 
dicated an interdependence between cyclophorase activity and the mitochondria. 
Counting the mitochondria indicated a correlation between the cyclophorase 
activity and the number and state of mitochondria. Harmon found further that 
the majority of the mitochondria lost their characteristic structure, and as¬ 
sumed a homogeneous undifferentiated appearance. He found that many of the 
mitochondria swelled to a diameter twice that of the control suspensions. 
The association of this with a decrement in the oxidative activity was regu¬ 
lar. The extent of the alterations paralleled closely the drop in the cata¬ 
lytic activity. Harmon concluded that the state of the mitochondria mani¬ 
fested a more precise relationship to the cyclophorase activity than did the 
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actual number of units. He further concluded that the mitochondria were the 
moxphological units of the cyclophorase system. 
Dalton (*51) studied the epithelial cells of the gastrointestinal tract 
and the pancreas of C3H mice. The animals were maintained on a diet of 
Purina laboratory pellets. Some of the experimental animals were given hista¬ 
mine and 0.5 mg. per gram body weight of histamine hydrogen chloride intra- 
peritoneally. These animals were killed three to 24 hrs. after the feeding. 
The tissues were fixed in a mixture of two per cent osmic acid» three per 
cent potassium bichromate» and two per cent lathanun nitrate. 
He found that the parietal cells were in contact with the surface epithe¬ 
lial cells as well as with mucous neck cells. The mitochondria of the pari¬ 
etal cells varied in shape from spherical to short rod forms. No changes in 
the size or number of mitochondria were detected following the injection of 
histamine. The epithelial cells of the villi of the duodenum in the normally 
fed mice possessed filamentous mitochondria which were very numerous in the 
basal cytoplasm. He also found that the surface epithelial cells of the colon 
were similar to those in the small intestines. The mitochondria were smaller» 
but in form and distribution» they were similar to those of the duodenum. 
Dalton concluded that under certain conditions and in certain species» fila¬ 
mentous forms of mitochondria may be equally numerous in the basal cytoplasmic 
area. 
Harmon and Kitiyakara ('55) isolated the mitochondria in the cells of the 
pectoralis major muscles of the pigeon by the ultra centrifuge method. Obser¬ 
vations were made with the electron microscope. They found that the adenosine 
triphosphatase activities of the mitochondria were partly regulated by their 
morphology. The native rodlet-forms were cryptic. Activation of these forms 
was characterized by enspherulation and cresent formation. Harmon and 
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Kitiyakara concluded that a close correlation existed between the morphology 
and enzymatic activity of mitochondria* This further indicated that the 
physical state of the mitochondria was a critical factor that governed the 
metabolic activity of cells* 
Ito ('51) made observations of the mitochondria in the integument of the 
silkworm during feeding, molting and spinning, prepupal and pupal periods. 
He found that the mitochondria were in the granular form during the feeding, 
molting and spinning periods* Fibrous mitochondria were found during the 
pupal and prepupal stages. He also found that the quantity of mitochondria 
increased during the molting, prepupal and later spinning periods* Ito ob- 
served that the granular forms were in greater quantity during periods of 
greatest activity. Fibrous forms were in greater quantity during periods of 
least activity. He concluded that the morphology of the mitochondria as well 
as the quantity had some influence upon the activity of the cells. 
Akiyama (*51) made biopsies of the human lungs during fetal development 
and after birth. He found that the mitochondrial picture of the alveolar 
epithelial cells changed cytologically at three stages during fetal life and 
after respiration began. The primary change was an increase in the nunber of 
short bacillar shaped mitochondria with no changes in the granular forms at 
about the 19th week. This is during the time when the number of alveoli are 
increasing. The second change was the appearance of bacillar forms with the 
disappearance of the granular mitochondria that occurred in the first stage* 
This occurred between the 23rd and 24th weeks. The alveolar differentiation 
is rapid at this time. The third change was the division of the bacillar 
shaped mitochondria to form fine granular forms* This change occurred with 
increased respiration after birth. The three changes in mitochondria parai- 
* 
leled histological differentiation of the alveoli and alveolar eplthelia. 
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He reported that» accompanying morphological and quantitative variations of 
the mitochondria» the nuclei of the alveolar epithelial cells in the fetal 
lungs displayed noteworthy changes. Akiyama concluded that some relationship 
existed between the nuclear components and mitochondria. There also existed 
some relationship between the nuclear components and cell functions. 
CHAPTER III 
MATERIALS AND METHODS 
Adult rats of ths Long-Evans strain between the ages of 89 and 149 days 
were used in this experiment* These animals ranged in weight from 173 to 
190 gms* and were housed in metal cages* The diet consisted of rat krunchon 
cubes* The fetal and young rats used in this experiment were offsprings of 
the adult rats that were mated in the laboratory* 
The estrus cycles of the females were determined by the method used by 
Long and Evans ('22)* Vaginal smears were made and stained with Wright*s 
stain* External observations of the superficial genitalia were also used In 
the determination of the estrus cycles* Three females per ere le were placed 
in the breeding cages when the females were found to be in the first or second 
stage of the estrus cycle* The first stage of the cycle is characterized by 
the occurrence of only epithelial cells in the vaginal smears* The super- 
ficlal genitalia are slightly swollen* The second stage is characterized by 
only comified cells} the superficial genitalia are swollen, and the lips of 
the vagina dry* There was always a degree of overlapping of each stage* 
The females were removed from the breeding cages after three days and 
placed in isolated cages* The weights of the females were recorded daily* 
Constant increases in the weights of the females up to 30 gms. within a 15 
day period were used as indications of pregnancy* Females that showed no in¬ 
crease in weight or showed no increase in the size of the abdominal region 
were considered not pregnant and returned to the stock cages* 
The females were sacrificed after 16, 18, and 20 days of pregnancy* The 
kidneys of the fetuses that were removed from the females were fixed in osmic 
acid* The kidneys of the other animals were removed 6 mins*, 4 hrs*, two, 5, 
10 
and 6 days after parturition and fixed in osmic acid* 
Paraffin sections of the kidneys through the area of the hilus were made 
5 u, in thickness. These sections were stained with a variation of Altmann's 
acid fuchsin method and differentiated with an alcoholic solution of picric 
acid as outlined by McClung ('37)# 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Histological observations were made of the cells of the convoluted 
tubules at various stages of development before and after parturition. The 
size of the cells varied according to the age of the rats studied. 
The cells of the tubules of 16 day old fetuses were hyaline in nature 
(fig. 1). The mitochondria were few in number and concentrated near the 
lumen of the tubules which are located in the cortex of the kidneys. These 
mitochondria were rod-shaped and were lined up perpendicular to the cell 
membrane (fig. 2). Mitochondria were not observed in the tubules located in 
the medulla. 
The cells of the tubules of 18 day old fetuses were highly concentrated 
with mitochondria of the granular form. The mitochondria were concentrated 
close to the nuclei but were not in contact with them (fig. 3). 
The mitochondria in the cells of the tubules of 20 day old fetuses were 
greater in number and more pronounced in this stage than in any of the pre¬ 
vious stages. The greatest concentration of the mitochondria was in the area 
of the cell near the lumen, however, there were mitochondria clustered around 
the nuclei in some cells. These mitochondria were mostly rod-shaped forms 
that appeared to result from the fusion of granular forms (figs. 4-6). 
Observation of the cells of the tubules of rats 5 mins, after parturition 
indicated more granulated nuclei than any of the previous stages. These cells 
contained mitochondria that were equally distributed throughout the cytoplasm 
and were in the granular forms. The granular forms were much larger than the 
granular forms in the cells of the fetuses. Some rod-shaped forms were pres¬ 




The mitochondria of the cells of rats 4 hrs. after parturition were lo¬ 
cated along the periphery of the cell proximal to the lumen and along the 
membrane of adjoining cells. There were clear areas between the concentra¬ 
tion of the mitochondria and the nuclei. Most of the mitochondria were granu¬ 
lar in form but some rod-shaped forms were present (fig. 8). 
The cells of the tubules of two day old rats contained rod-shaped mito¬ 
chondria distributed throughout the cytoplasm. Many of the rod-shaped forms 
were constricted in the middle indicating rod-shaped forms breaking up into 
granular forms. In some of the cells the ends of the rod-shaped forms were 
in close proximity to the granular forms (figs. 9-11). 
The greatest concentration of mitochondria in the cells of the 6 day old 
rats were located near the membrane of the cells. These mitochondria were in 
the granular forms. The nuclei of these cells were highly granulated with 
the granules in close proximity to the nuclear membrane (fig. 12). 
In adult rats the cells of the tubules were highly vacuolated. The gran¬ 
ular forms of mitochondria were very numerous with a clear area between them 
and the nuclei. Most of these mitochondria were larger than those in younger 
rats observed in this study (fig. 13). 
CHAPTER V 
DISCUSSION 
According to many investigators, mitochondria are formed by a transition 
from small submicroscopic entities into larger ones* They may develop from 
microsomes to which the synthesized proteins remain attached. It is believed 
by others that they are derived from the nucleus. 
The Lewises (•14) found that in living cells the mitochondria emerged 
from masses near the nucleus and migrated out toward the periphery of the 
cells. They also found that the mitochondria were in constant movement from 
the nucleus to the cell membrane. The mitochondria were constantly changing 
forms during the movements* 
It was observed in the fixed tissues of the prenatal stages that the con¬ 
centration of the mitochondria in the progressive stages of development par¬ 
alleled the findings of the Lewises* The mitochondria occupied three re¬ 
gions of the cells* Those in the younger stages were in close contact with 
the nuclei, while in older ones they were either scattered throughout the 
cytoplasm or concentrated along the periphery of the cells. 
It was also observed that in the majority of the cells the mitochondria 
were rod-shaped when they were in close proximity to the nuclei. Those mito¬ 
chondria that were distributed throughout the cytoplasm and near the periphery 
of the cells were mostly granular. Ito (*5l) found that the granular forms 
of mitochondria in the cells of developing silkworms were in greater quantity 
during periods of greater activity. Based upon the facts that postnatal kid¬ 
neys are more active and that the greater quantity of granular-shaped mito¬ 
chondria were observed in the postnatal stages, it may be assumed that some 
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correlation exista between the morphology of the mitochondria and the ac¬ 
tivity of the cells. 
SUMMARY AND CONCLUSIONS 
1* The exact origin of the mitochondria was not determined in this study, 
however, some of the findings indicate that they may originate from 
the nuclei* 
2* Hie mitochondria in the cells of early prenatal kidneys were mostly 
rod-shaped and concentrated in close contact with the nuclei* Those 
distributed throughout the cytoplasm and near the periphery of the 
cells were rod-shaped as well as granular* 
3# The large granular-shaped mitochondria were more numérotas in the post¬ 
natal stages* 
U* The comparison of the prenatal and postnatal development of the mito¬ 
chondria indicates the existence of some correlation between the mito¬ 
chondrial morphology and the activity of the cells# 
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PUTE I 
(Explanation of Figures)* 
♦All figures are photomicrographs 
17 




• A photomicrograph of a section through the kidney of a 16 day 
old fetus showing the cells of a hyaline nature. 970x. 
» A photomicrograph of a section through the kidney of a 16 day 
old fetus showing the rod-shaped mitochondria lined up perpen¬ 
dicular to the cell membrane. 970x. 
• A photomicrograph of a section through the kidney of an 18 day 
old fetus showing the high concentration of granular mitochondria 
close to the nuclei. 970x. 

PLATE II 
(Explanation of Figures)* 
*AI1 figures are photomicrographs. 
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(Explanation of Figures) 
A photomicrograph of a section through the kidney of a 20 day 
old fetus. Note the concentration of granular forms of mito¬ 
chondria near the lumen. 970x. 
A photomicrograph of a section through the kidney of a 20 day 
old fetus. Note the concentration of the mitochondria through¬ 
out the cytoplasm. 970x. 
A photomicrograph of a section through the kidney of a 20 day 
old fetus. Note the granular mitochondria concentrated near 
the nuclei. 970x« 

PUTE III . 
(Explanation of Figures)* 
*A11 figures are photomicrographs. 
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(Explanation of Figures) 
Fig. 7 
Fig. 8 
• A photomicrograph of a section through the kidney of a rat 5 mins, 
after parturition showing the highly granulated nuclei and the 
granular forms of mitochondria distributed throughout the cyto¬ 
plasm. 970x. 
• A photomicrograph of a section through the kidney of a rat 4 hrs. 
after parturition showing the mitochondria located along the 
periphery of the cell membrane. 970x. 

PLATE IV 
(Explanation of Figures)* 
♦All figures are photomicrographs•, 
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(Explanation of Figures) 
Fig. 9. A photomicrograph of a section through the kidney of a rat two 
days after parturition showing the concentration of rod-shaped 
mitochondria throughout the cytoplasm. Note also the presence 
of granular forms. 970x. 
Fig. 10. A photomicrograph of a section through the kidney of a rat two 
days after parturition showing the concentration of more granu¬ 
lar forms of mitochondria. Note the granular forms near the 
cell membrane. 970x* 
Fig. 11. A photomicrograph of a section through the kidney of a rat two 
days after parturition showing that the granular forms of the 
mitochondria are concentrated distal to the nuclei. 970x. 

PLATE V 
(Explanation of Figures)* 
♦All figures are photomicrographs. 
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(Explanation of Figures) 
A photomicrograph of a section through the kidney of a rat 6 
days after parturition showing granular forms of mitochondria 
concentrated near the membranes of the cells* Note the granular 
nature of the nuclei. The granules are located near the nuclear 
membranes. 970x. 
A photomicrograph of a section through the kidney of an adult 
rat showing the highly granular forms of mitochondria and the 
vacuolated cells. 970x. 
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